ABSTRACT
Introduction
Since it was first described by Singer and Blom in   1980 1 , voice rehabilitation for total laryngectomees with a tracheoesophageal prosthesis (TEP) has proved to be an excellent option for the patients.
Characteristics of tracheoesophageal voice and speech such as vocal intensity and dynamic extension have been studied in association with overall voice analysis, with different aerodynamic characteristics being tested for the various models of prostheses available [2] [3] [4] [5] [6] [7] . However, there still is a lack of studies regarding the physiology of sound intensity and of dynamic extension for total laryngectomees since a lot remains to be determined about the production of tracheoesophageal voice, such as rhythm, modulation and characteristics of phonation intensity. Parameters such as loudness and pitch are often limited in laryngectomees, with consequences for the measurement of dynamic extension and fundamental frequency 8 .
Physiologically, subglottic pressure is increased in individuals who produce laryngeal voice. The mechanism of regulation of phonation intensity in laryngectomees is not exactly known. The regulation of intensity during tracheoesophageal phonation seems to be influenced by occlusion of the stoma and by the characteristics of the phonatory prosthesis and of the esophagus, with the main advantage of a voice produced with a TEP compared to esophageal voice being that the lungs are the motor force for voice production [9] [10] [11] [12] .
The aerodynamic characteristics of tracheoesophageal voice production are determined by the aerodynamic factors of the prosthesis and by the characteristics of the esophagus and of the cricopharyngeal segment, which affect the determination of good and poor speakers [13] [14] [15] [16] . However, it is still necessary to obtain data indicating which properties of the esophagus and of the cricopharyngeal segment specifically influence the vocal parameters.
In view of the lack of information about the intensity and dynamic extension of the voice of total laryngectomees wearing a TEP, correlating them with aspects of esophageal motility, the objective of the present study was to evaluate the dynamic extension and intensity of weak, strong and habitual phonation of tracheoesophageal voice and correlate them with intraluminal esophageal pressure.
Methods

The study was approved by the Research Ethics
Committee of the Hospital, Protocol HCRP nº 14241/2009, and all subjects or persons responsible for them gave written informed consent to participate.
The study was conducted on 30 individuals submitted to total laryngectomy due to squamous cell carcinoma of the larynx and rehabilitated with tracheoesophageal voice using a 
Manometry
The individuals were submitted to manometry in order to
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obtain the amplitude of intraluminal esophageal pressure during For analysis, the laryngectomees were divided into two groups: with dynamic extension above 21 dBNPS and with dynamic extension below 21 dBNPS.
Statistical analysis
The Shapiro-Wilk "W" test was first applied to determine the type of sample distribution and the best statistical analysis to be applied. Since the hypothesis of normality was rejected for all variables in at least one group, nonparametric tests were used, with the level of significance set at p≤0.05 in all analyses.
Dynamic extension and intensity data were correlated using the Spearman correlation coefficient [rho] which measures the intensity of relation between variables. Data for the two groups of laryngectomees were compared by the nonparametric MannWhitney test for two independent samples.
Results
Data regarding the intensity of tracheoesophageal voice observed in total laryngectomees during habitual, weak and strong phonation and the intensity of dynamic extension are listed in Table   1 . Table 2 presents the pressure amplitude observed in the distal, middle and proximal esophagus and in the pharyngoesophageal transition. Evaluation of the correlation between intraluminal esophageal pressure and phonation intensity revealed that there was a correlation between the amplitude of intraluminal pressures in the proximal (rho 0.45; p=0.01) and distal (rho 0.41; p=0.02) esophagus and dynamic extension (Table 3) . When total laryngectomees wearing a TEP were divided into two groups according to dynamic extension above 21 dBNPS, considered to be normal, and below this value, considered to be altered, it could be seen that individuals with normal dynamic extension (above 21 dBNPS) had a greater contraction amplitude in the proximal esophagus than individuals with dynamic extension below 21 dBNPS (Table 4) . The amplitude of esophageal pressure after swallowing water is reduced in laryngectomees compared to normal persons 13, 17, 18 . Other aspects to be considered are the type of stoma occlusion 3, 5, 7 and the aerodynamic characteristics of the TEP 2, 5 , which influence the measurements of dynamic extension.
No reports characterizing dynamic extension correlated with esophageal motility in laryngectomees were detected in the literature surveyed. In the present study we determined the values of sound intensity regardless of the type of voice and noted that there is a relationship between sound intensity and intraluminal esophageal pressure 19 .
There has been a concern about characterizing good or poor speakers according to the properties of esophageal motility observed in total laringectomees [13] [14] [15] [16] . However, little is known about the influence of esophageal motility on vocal intensity.
There is no difference in dynamic extension in patients submitted to reconstruction of the pharynx with flaps 20 . What has been observed is that different types of prostheses [2] [3] [4] [5] [6] [7] and the manner of stoma occlusion 3, 5, 7 influence dynamic extension. In this group of laryngectomees, all subjects performed digital occlusion of the stoma and wore the same prosthesis. It was noted that esophageal motility in the proximal and distal part has an influence on dynamic extension, showing that intraluminal pressure is important for the control of dynamics extension in total laryngectomees.
Despite this information, further studies are needed using phonation tests of different intensity during the manometric exam in order to better understand the behavior of the esophagus during phonation.
Conclusions
A positive correlation was detected, indicating that the increase in intraluminal pressure in the proximal and distal part of the esophagus is associated with an increase in dynamic extension.
The group of individuals with a dynamic extension considered normal had a higher intraluminal pressure in the proximal esophagus than individuals with low dynamic extension values.
